Since noise was first recognized as a serious environmental pollutant, a number of social surveys have been conducted in order to assess the magnitude of the problem and to develop suitable noise ratings, such that, from a measurement of certain physical characteristics of community noise, one could reliably predict the community's subjective response to the noise. Recently, the author has reviewed the data from social surveys concerning the noise of aircraft, street traffic, expressway traffic, and railroads. Going back to the original published data, the various survey noise ratings were translated to day-night average sound level, and an independent judgment was made, where choice was possible, as to which respondents should be counted as "highly annoyed." The results of 11 of these surveys show a remarkable consistency. It is proposed that the average of these curves is the best currently available relationship for predicting community annoyance due to transportation noise of all kinds.
It appears to be well established (in the literature, at least) that, if annoyance is to be evaluated in terms of people's median response along a constructed annoyance scale, then the intervening, nonacoustical variables are highly influential.
To the extent that this is true, it makes urban planning with respect to noise more difficult, because it implies that one cannot plan in terms of the noise alone.
There is, however, good reason to question the great importance that has been placed on the nonacoustical variables, in accounting for the variance in subjective response data. I do not mean that the nonacoustical variables are unimportant; rather, the acoustical variables have been poorly handled, so far, with the result that the effect of nonacoustical variables has been infiated.
D. "Percent highly annoyed"
It has been noted o-to'as that in subneighborhoods where the noise exposure is extreme, there is less scatter in the responses. The author suggests that when people are highly annoyed by the noise, the effects of nonacoustical variables are reduced, and the correlation between the noise exposure and the expressed subjective reaction is high, both for individuals and for groups. In other words, when the noise exposure is felt to be extreme, people have little difficulty in sorting out their feelings about the noise from their other nonacoustical attitudes.
An even more crucial matter has to do with whether or not the past surveys have correctly assessed the noise stimulus. Clearly, the outdoor noise "stimulus" can vary widely from subject to subject in the sub-iieighbor- With the "highly annoyed" part of the population, on the other hand, we know we are dealing with people who have attended to the outdoor noise, because they exhibit a definite and conscious response to it. With this group we have some hope of discovering a meaningful relation between outdoor noise exposure and annoyance.
There are, in fact, other reasons why the percentage of the population who are highly annoyed seems a better measure of community response than the median response of the sub-neighborhoods.
First, it must be remembered that the present purpose in reviewing the past noise surveys is to seek guidance for regulatory decisions about noise. In this context, the median response is much more difficult to translate from one annoyance scale to another, in everyday terms that are understood by politicians and policy makers, particularly for the scales with unnamed steps. By contrast, "percent highly annoyed" carries a commonsense import that is clear, even when it is not precisely defined, that "median response" completely lacks.
Furthermore, the median annoyance is diluted and thus is anchored by the responses of the continual complainers and the noise imperturbables [if any (see Sec. II G, below)] in the population, whom no noise ordinances or regulations can help. Since the median response does not adequately describe that part of the population whose expressed annoyance actually changes with differences in noise exposure, it is too sluggish and insensitive a statistic for regulatory purposes.
Finally, the median response to noise corresponds essentially to "no complaints." The median response is not dealing with a community noise "problem" at all.
Thus, while one can agree that studies of median response, based on factor analysis and multivariate regressions, may contribute substantially to our understanding of people's response to the noise environment and of how annoyance is generated, they are not of much use in guiding decisions about noise ordinances and other governmental acoustical regulation, because they tend to deflect attention to nonacoustical matters. For regulatory purposes, any analysis that fails to focus on the noise itself muddies the issue.
For planning and monitoring purposes, then, the percentage of the population who are "highly annoyed," when plotted against some measure of the noise exposure, is proposed as a more useful indication of acceptable community noise exposure than the "median degree of annoyance" of the community. t0, 38
II. PURPOSE AND METHOD OF THE PRESENT

STUDY
If we adopt the "percentage of the population highly annoyed" for the common annoyance rating, then, it becomes of interest to see how well the results of the various social surveys agree with each other, when all the data are analyzed in a uniform manner. In particular, we wish to determine whether or not a single relationship between noise exposure and annoyance can be found that is valid for all kinds of noise.
The difficulty with such an investigation is that the noise exposure in the various social surveys has been measured with different noise ratings; and the question of who is to be counted as "highly annoyed" has been dealt with differently in the different surveys. The present study attempts to translate the different noise ratings into a common measure of noise exposure and to develop a uniform assessment of the percentage of the survey population who were highly annoyed.
For this purpose, the author has gone back to the basic data, so far as possible, from eighteen social surveys dealing with the noise of aircraft, street traffic, expressway traffic and railway traffic, spanning a period of fourteen years and a range of nine countries. The various noise ratings were translated to day-night aver- Similarly, the author has tried to assess in a uniform manner the percentage of the population who were reported to be "highly annoyed" in the different surveys; the details for each survey are described later in the report. It will be seen that, given the survey data as published, the largest unc'ertainties in the results of this study are associated with the judgment as to who is counted as "highly annoyed."
A. Evaluation of the survey data
Since the annoyance scales used in the different surveys were rather different, the author originally decided to use his own personal judgment as to what point on each scale should be reckoned as the threshold of "high annoyance," and then counted people as "highly annoyed" who responded in the steps on the scale above this threshold.
Of the eighteen surveys initially studied, (An addendum to this paper presents the results from four surveys that became available after the synthesis was finished.) eleven presented the subjective response data in such a way that a consistent choice could be made of who were "highly annoyed" (see below). The results are shown in The degree to which these curves agree with one another was surprising and impressive, particularly since the noise ratings and interview methods were, in some cases, quite different.
When these results were first circulated for com-
•? however they drew severe criticism from soment, , cialogists on two grounds' (1) it was said that the eleven survey curves appear to agree with one another only because the author had made '•rbitrary judgments as to the thresholds of high annoyance on the different scales, in such a way as to force the data to agree; and (2) in the absence of a "scientific" definition of who should be counted as "highly annoyed," no other researcher would be able to repeat or confirm the author's personal decisions. It was implied that, by a different choice of whom to count as "highly annoyed," the conclusions would be significantly changed.
Arbitrariness in counting the percent highly annoyed
In reply, the author asserts that, because of the nature of the annoyance scales in question and the manner in which the data were published, there is not much latitude in the choice of whom to count, if we are to retain any reasonable concept of "highly annoyed." If the data were always presented-in fine steps, then the judgment of who is to be counted as highly annoyed is relatively free and may, indeed, be made arbitrarily.
Another researcher might make a different choice and come to different conclusions.
But if the data are presented in only, say, seven steps along the annoyance scale, then the options as to who should be counted as highly annoyed are considerably restricted. If one counts only the top step, or 14.3% of the scale, one surely risks missing some of the highly annoyed population. Counting the top two categories out of seven (or 29% of the annoyance scale) seems more reasonable; but counting the top three categories (43%) includes almost the entire top half of the scale, and would surely exaggerate the count of people "highly annoyed."
In practice, the choice of whom to count as highly annoyed was pegged, more or less arbitrarily, by the two Swiss surveys, as described in the next section.
The e/even annoyance scales
Let us now consider the terms of the eleven scales of annoyance, as shown in Table I ; they correspond to the surveys whose results are given in Fig. 1 .
In the published reports of the two Swiss surveys, people were reported as highly annoyed who responded in the top three out of eleven categories, that is, in the top 27% of the annoyance scale; this seems to the author to be a reasonable definition of "high annoyance," and no other choice was offered.
The first and second Heathrow surveys, the London street traffic survey and the French railroad survey, on the other hand, all had seven-step annoyance scales, with only the end steps named; the data were presented in enough detail in each case so that a number of choices were possible for whom to count as "highly annoyed." However, only by counting the top two of the seven categories (the top 29% of the annoyance scale) can we come qlose to agreeing with the counting method used in the Swiss reports.
(It is interesting that the agreement of the "self' ratings, from the surveys with named steps, supports the choice of counting the upper 27%-29% of the annoyance scale as highly annoyed. ) B. Original count of highly annoyed populations, based on the author's personal judgment Thus, the basic rule adopted was to count as "highly annoyed" the people who responded on the upper 27%-29% of the annoyance scale, if the scale steps were not named; and, in the surveys using annoyance scales with all steps named, so that the respondent could state directly his degree of annoyance, those' people were counted as "highly annoyed" who said they were highly annoyed. This basic rule was modified according to We now come to the question of the name given to the top step of the annoyance scale. In the London Street survey, the end steps of the annoyance scale were given neutral name•' "definitely satisfied" and "definitely unsatisfied." The latter seemed a very mild description of the most extreme form of annoyance that a subject can feel, compared to the other surveys. In that context, one might conclude that the step next to the top must correspond to something like only somewhat or "moderately" unsatisfactory. In the author's original assessment, therefore, the percentage of people counted as highly annoyed was based on the average between those with scores in the first category only and those responding in the first and second categories: thus, effectively, 1« out of 7, or the upper 21% of the annoyance scale.
In the French Railroad survey, on the other hand, the designation "altogether intolerable" for the high end of the scale seemed so extreme a response, compared to the other survey scales, that people responding in the top three out of seven categories were originally counted as highly annoyed (•).
In the first and second Heathrow studies the annoyance scale was built up from responses to questions like "are you at least a little annoyed by aircraft noise ?" or "have you ever been disturbed in conversation?" The Paris Street survey involves an entirely different kind of scale, not an annoyance scale at all. It is based on rank-ordering quite different aspects of the neighborhood, including noise. We judged that unless the respondent put noise into last place, he was not This suggestion, of course, is unproved, but it deserves further study. These relations must be regarded with suspicion, because of the manner in which the percent of the popula': tion who are "highly annoyed" were counted in the Tracor studies. Since people were regarded as highly annoyed if they score more than 21 out of 45 points on the annoyance score, it appears that the highly annoyed portion of the population is overestimated.
Thus, if the complaint statistics from these studies are to be trusted, the number of complainants in a population is probably comparable with the number of people who are truly highly annoyed. 
IV. DISTURBANCE OF VARIOUS ACTIVITIES BY NOISE
In addition to reporting general annoyance with noise in the community, the interviewed subjects in some of the surveys reported interference with specific activities, such as conversation (face-to-face or by telephone), listening to the radio or television, sleep, rest, or work, and disturbance due to the startle effect, or house vibration.
These disturbances undoubtedly contribute to the general annoyance, as reported above; but it is also interesting to examine these reports separately, for they throw some light on the question of which noise sources are most disturbing for different activities. 
Vl. CAUTIONARY COMMENTS
One reviewer, commenting on an earlier draft of this paper, was candid enough to remark that he was taking a severely critical view of this synthesis on the ground that an inattentive reader, who reads only the conclusions, might well believe that the matter of community response to environmental noise is now settled, and no further comparative research is needed; moreover, these careless readers might even include the ' people from whom he was hoping to get funds for his own future studies ! Let such fears be laid to rest immediately. There is so much work yet to be done in understanding how people respond to noise that one might say the task has barely begun. The author'hopes that the present paper, by juxtaposing the results and procedures of a number of quite different surveys, will help communities to mount more useful surveys in the future.
In particular, it seems clear that if we continue to be interested in the part of the population that is highly annoyed, the annoyance scale for future surveys should be standardized. There should be enough steps (at least seven) on the scale to allow the highly annoyed population to distinguish themselves from others; and we must agree on how to count the percentage of people highly annoyed; or, alternatively, to rely on self-judgments based on an annoyance scale with consistently named steps.
The most severe problem with past surveys, in the author's view, is the uncertainty about what noise the interviewed subjects were actually exposed to.
In past surveys, measurements of the noise to which the subjects were exposed were made by placing an outdoor microphone more or less centrally with respect to the homes of the interviewees and analyzing the data from this microphone.
It was assumed that this account of the noise exposure would be approximately valid for all the subjects in that neighborhood; and, in the survey analysis, their responses, either individual or pooled, were tested for correlation with one or another measure of the noise signal recorded at the microphone position.
This approach rests on the assumption either that most of the noise indoors, where the subjects spend most of their time, comes from outdoors; or that most of the annoying noise comes from outdoors--and thus the central outdoor microphone could be used to gather the physical noise data. It is worthwhile to explore the validity of these assumptions.
If the indoor noise levels were coming mainly from outdoors, one would expect the outdoor-indoor noise level difference to remain nearly constant, even though the outdoor levels might fluctuate; this difference would correspond to the sound attenuation of the exterior walls of the dwelling.
Instead, the differences typically fluctuate wildly over a range of as much as 30 dB.
•'e'• Evidently, a large part of the noise in a house is generated indoors and is independent of outdoor events. Consequently, it is doubtful that an outdoor microphone can correctly characterize the noise exposure of the subject indoors, at least with current noise ratings. This is not the end of the problem, however. It must not be assumed that a microphone placed inside the house would yield a better approximation to the occupant's noise exposure than the outdoor microphone.
In order to investigate this question, a pilot experiment was run. The aim was to compare the exposure recorded by a fixed indoor microphone with the exposure recorded by a microphone mounted near the ear of the occupant. The results of subsequent statistical analysis for these two signals indicated that the cumulative distribution from the fixed microphone bears almost no relation to that from the moving microphone! The levels differ by 17 dB, the Ls levels by 21 dB; only for percentiles higher than about 50 (that is, the background events) do the two distributions agree. ss
These results suggest that current noise ratings, based on data from a fixed microphone, no matter where it is placed, give a poor account of the actual noise exposure of active occupants of a dwelling. This situation could be significantly improved if we agreed to measure, in addition to, say, the average sound level or the day-night average level, the occurrences (levels and numbers) of maximum (i.e., shortterm rms) noise levels outdoors. These might be associated with identifiable events, such as a fire truck siren, an aircraft flyover, or a train or heavy truck passage. These noisy events are the only candidates likely to intrude indoors with sufficient intensity to attract the subject's attention and thus generate annoyance.
Not even L 1 identifies such events with useful accuracy, so such a procedure would mean a drastic change in current noise measurement practice.
It may be asked-If the peaks of outdoor noise are the only acoustical events likely to penetrate indoors enough to cause annoyance, then why do the results of past surveys agree so well (Fig. 1)? The answer is that, more or less inadvertently, the surveys did attend to the maximum noise levels. For the aircraft surveys, the noise rating was NNI, NEF, or CNR, all of which depend on the mean maximum flyover level and the number of passages. Similar ratings were used for the railroad surveys. As for street, road, and expressway traffic noise, the noise level statistics are very well behaved, and all of the percentile levels (L50 , L10 , etc. ) are so highly correlated among themselves that any one of them is a reasonably good measure of the maximum noise levels.
It is proposed here that more deliberate and careful attention to the population of maximum outdoor noise levels will lead to better correlation between outdoor noise and annoyance, and (perhaps) less need to rely on nonacoustical variables.
Thus, the scope for further research in comparative studies of community reaction to noise is not restricted in any way by the results presented here. There is much more study to be done.
In the meanwhile, however, the clustering of all the data points from past surveys (Fig. 6) suggests that the average curve of Fig. 3 is a reasonable account of the relation between transportation noise exposure and community response. Provided the noise exposure continues to be measured in terms of day-night average sound level and the definition adopted here for percent highly annoyed is retained, the results of future studies will not likely shift that curve very much. Least-squares curve-fitting procedures are extremely useful in fitting curves to ambiguous data sets, but even so the procedures must not be used uncritically.
In the first place, there must be a decision as to the form of function to be fitted to the data: linear, quadratic, cubic, exponential, etc. The choice will be strongly influenced by fundamental views as to how annoyance is generated, and particularly about what happens in the region of the threshold of annoyance.
For example, if one believes that there is a hypersensitive residuum of the population that will be annoyed by noise however mild the exposure, then an exponential curve should be fitted to the data: it will not go to zero annoyance in the range of noise exposures of interest.
Most of the survey data, however, strongly suggest a threshold below which none of the population are highly annoyed. Furthermore, for the purposes of land-use planning and monitoring community noise, for example, accounting for the hypersensitive residuum simply muddies the issue: one wants to know the annoyance threshold of the part of the population that actually responds to differences in noise exposure. Thus, for these purposes, one should fit a function to the data that meets the zero-annoyance axis and defines the threshold.
Almost all the survey data clearly forbid a linear regression; therefore, the choice is between a quadratic or a cubic function. Here, again, one must be guided by judgment. of a cubic, rather than a quadratic, function might be made if the data set requires a more "curvy" function than can be obtained with a quadratic; in practice, the results also depend on the choice of L0, and on whether and how far one expects to extrapolate the fitted curve beyond the range of the given data set (a practice that is strongly discouraged!).
In any case, least-squares curve-fitting is merely an aid, not an imperative; one should not hesitate to modify the function defined by least squares where it is clearly at variance with the data, as in the case of the French expressway survey at high noise levels (see Fig. 28 ).
The best fit to most of the data was found for a quadratic equation with a choice of L 0 = 35 dB; alternative choices of 40 and 45 dB for L 0 made very little difference, in the noise level range occupied by the data points, particularly for high noise levels. The greatest differences occurred outside the survey data range, between 35 and 50 dB, and had to do with how far the annoyance function dipped below zero (something that seemed undesirable but not very important, since the annoyance function is defined to be zero at noise levels below the greatest value for which it meets the zero axis).
Quadratic functions fitted almost all of the data sets well; exceptions are the Swiss aircraft noise survey and the summary curves, for which a cubic equation with no annoyance threshold was required, and the U.S. 24-site data, for which a linear equation gave the best fit.
There is, of course, a problem with fitting a quadratic function to the annoyance data, namely, that one expects an Sshaped response curve, tangent to "zero-percent annoyed" at low noise levels and to "100% annoyed" at high noise levels; instead, the quadratic functions continue to increase at high noise leveIs.
However, if one examines the data points in the individual surveys, one cannot find consistent evidence for leveling off at high noise levels, in the noise ranges studied. One must conclude that the leveling-off occurs suddenly, as suggested in the (arbitrary) treatment of the data from the French expressway noise survey (Fig. 28) . Note, too, that Fig. 3 refrains from claiming a consensus at levels above 85 dB. Presumably, the expected leveling-off occurs above that level.
As for the response leveling off at low noise levels, the use . of a quadratic function of (L•-Lo), with L 0 construct at 35 dB, has the unfortunate effect that the annoyance curves sometimes tend to intersect the horizontal axis at a rather sharp angle (see Fig. 31 , for example). Rather than being tangent to that axis, they dip below the axis, being forced to zero at L• = 35 dB. In each case, therefore, the regression curve has been confined to the range actually occupied by. the data points.
The data from each survey might be better fitted, at the low end, by a curve with a different value chosen for L 0 in each case, forcing the curve to tangency with the horizontal axis just below the range of data points. But it is not clear how to choose that proper value for L0; the data points themselves do not give clear guidance, so the choice would remain arbitrary.
In any case, the main result of the study is the average curve of Fig. 3 , and it does exhibit the desired gradual approach to the zero-percent boundary.
A more accurate fitting of curves to the data points in the individual surveys (based on the principle discussed above), would have the effect (on Fig.  3) only of making the approach very slightly more gradual. 
EXAMPLE:
In the first cell of Table II The maximum flyover perceived noise levels (PNdB) and daily numbers of aircraft operations listed in Table II The values of ß were estimated from a curve relating flyover duration and maximum flyover noise level, derived from the aircraft noise survey in Munich (see Fig. 32 , below).
•;XAMPLE:
For the first cell in Table II The Viennese traffic noise survey data do not suggest a polynomial fit to the data points as in the other surveys. Instead, the curves shown in Fig. 25 simply connect the data points for the "daytime and nighttime windows-open" conditions. The corresponding curves for windows closed are very nearly the same; this seems puzzling, unless in both cases the annoyance was related to indoor noise level, but the report implies that this is not the case. The number of people counted as highly annoyed were those who said they were highly annoyed (Fig. 3 In this survey, the people counted as highly annoyed were those who declared themselves to be "very annoyed." The results for eleven city areas (eight of them in Stockholm) are plotted in Table 2 The people counted as highly annoyed were identified by their responses to a question that asked them to rank-order ten aspects of the neighborhood from the most to the least satisfying. These aspects include amusements, nearness to workplace, public transport, street noise, noise in the building, schools and high schools, neighbors, shops, public services (city hall, post office, etc. ), and doctors and pharmacies. Those who put the street noise in tenth place (least satisfying) were regarde.d as highly annoyed, as shown in Fig. 12 
The annoyance data are summarized in Fig. 3-19 The annoyance data for' street traffic are given in Table  4 
(There is actually no fixed relationship between CNR and NE F, because of differences in frequency weighting between Aweighting (used in the CNR) and perceived noise level (used in the NEF), the allowance for flyover duration in the NEF, and minor differences in handling nighttime adjustements. Thus, both equivalences expressed in Eq. (16) "When the respondent indicated disturbance of a particular activity, he was asked how much he was bothered. The response, obtained with a graphic aid called an 'opinion thermometer' had a range of 0-4 for each activity. This range was scored on a scale of 1-5 and the value 0 was assigned when no disturbance of the activity was reported. The scores for all nine activities were added to produce a summated rating which thus had a value of 0 representing no disturbance of any activity and a range of 1-45 for those respondents who were disturbed."
The ambiguity arises from the fact that the zero step on the opinion thermometer was labeled "not at all" disturbed, which would earn a score of 1, not 0, as stated.
In any case, activity interference, not annoyance, was assessed by this means for each respondent, but those whose total rating was between 21 and 45 on this scale were regarded as "highly annoyed." Apart from the fact that it does not directly rate annoyance, per se, this procedure (of counting everyone scoring on the upper half of the rating scale as "high- .............,...........o.......   ..................   ...................   ...................  .................. 
